1 Introduction meandering in latitude, some of the extremely negative NAO winters correspond to a change in winter months being strongly negative. This is highlighted when we examine the ZJI calculated 140 from the Dec-Mar mean 300 hP a zonal wind (Fig. 4b) . We also see that there are other months 141 and winters with a negative ZJI index, with more such months occurring in the earlier half of an equatorward shift of the Atlantic jet, and a poleward shift of the jet over eastern-central Africa.
150
In contrast, the composite for anomalously positive ZJI (the dots above the upper dashed line in African jet, but the pattern is not statistically significant. This is due to the large variability in 153 split-jet structures, which partly reflects the trimodal structure of the distribution of Atlantic jet 154 latitudes (Woollings et al., 2010a) . Also shown, for reference, is the corresponding composite for 155 negative NAO months (based on 1 standard deviation, Fig. 5d ). We see that while the Atlantic 156 jet is similar between the negative NAO and negative ZJI composites, the African jet does not
In this section we examine the characteristics of various circulation features during months with 163 an unusual zonal Atlantic jet configuration, with the aim of understanding what drove the jet to 164 shift to a merged state and what maintains it. In particular, we examine changes in eddy and 165 thermal driving, and how they related to the changes in the mean flow. We start by calculating 166 negative ZJI composites of various fields. These composites consist of averaging monthly data 167 over those Dec-Mar months for which the ZJI index is negative by more than 1 standard deviation 168 (the dots below the lower dashed line in Fig. 4a ). 
Eddy driving

170
One of the main sources of variance to the Atlantic jet structure is a change in the synoptic scale 171 eddies, which nonlinearly interact with the jet. Fig. 6a -c shows the negative ZJI composites 172 of eddy meridional wind variance, chosen to represent the midlatitude storm track, alongside 173 its climatological field. As expected, the storm track is more zonally oriented during zonal jet 174 years, with its eastern edge reaching Spain rather than Great Britain. Apart for an equatorward 175 shift, however, the eddies weaken during zonal jet years (this is despite the ZJI composite being 176 an average over much fewer months than climatology). This is most evident from the anomaly 177 composite (Fig. 6c) . This overall weakening is also evident in the anomalous eddy heat and 178 momentum fluxes (Fig. 6d,e) . While in the climatology, the eddy heat fluxes are mostly positive 179 and assume the North-Eastward slant of the Atlantic jet, during zonal jet months, the eddy 180 heat flux anomaly (Fig. 6d) 
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(2012), the climatological ω pattern captures the diabatic heating and precipitation fields well.
243
The negative ZJI ω anomaly composite is shown in Fig. 7d . anomalies, the significant midlatitude ascent occurs only over the Eastern half of the Atlantic.
247
To examine causality, we calculate time lagged composites of all the above fields. Fig. 7e shows 248 a composite of the ω field 2 months prior to the anomalously negative ZJI months. We see a circulation (e.g. Bordoni and Schneider, 2010; Martius, 2014 based on characteristics of a subtropical jet -wind velocities above 40m/sec and the vertical shear 292 concentrated at upper-levels (see Koch et al., 2006) . These grid points serve as starting points 293 for the back-trajectory calculation which is run for 7 days (168 hours). Fig. 9 shows the fraction 294 of the total number of trajectories which cross each grid point over the entire seven day period,
295
as well as the region from which the calculation is started (thick black contour), calculated for 
329
The meridional SST gradients are enhanced (more negative) in the subtropics (Figs. 10b) . In the
330
Eastern Atlantic, the anomalous negative gradients coincide with the line of maximum anomalous 331 lower level westerlies, suggesting there is a possible positive SST-wind feedback in this region.
332
The SST anomalies last more than a month, with the high latitude and midlatitude anomalies 333 starting to diminish at lag 2 months and the subtropical warm anomaly lasting even 3 months winters, the SST gradients in the Eastern Subtropical Atlantic tend to be more anomalous than 337 during typical negative NAO conditions. Fig. 10c shows the winter mean time series of the 338 anomalous meridional SST gradients averaged over a box in the Eastern subtropical Atlantic 1964, 1969, 1970, 1996, 2010) .
352
This suggests that anomalously persistent zonal wind anomalies during zonal jet years acts to The results of previous sections suggest El Nino conditions contributed to the onset of the 364 anomalously zonal jet state, by strengthening the thermal forcing of the jet. We also saw a 365 strong resemblance of negative ZJI months to a negative NAO state. In this section we examine 366 the statistical relation between the ZJI, the NAO index and ENSO. Fig. 11 shows a scatter plot not all negative NAO states are characterized by a zonal jet.
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We also see that with the exception of one month, anomalously zonal jets (ZJI smaller than 373 −1std) have not occurred during a strong a Nina, suggesting La nina conditions are detrimental 374 to the merging of the Atlantic and African jets. This is consistent with the notion that the 375 merging of these jets is due to the eddy and thermal jet forcings both playing a role in forcing 376 the jet during these years. The relation between ENSO and the ZJI, however, is complex.
377
In particular, it seems to be different during positive and negative NAO months, with ENSO 120E-120W) 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 1955 1960 1965 1970 1975 1980 1985 1990 1995 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2 >, with ( ) denoting a 10-day high passed field, and < () > denoting the 10 day low passed field): a) Dec-Mar climatology. b)-c) The composite of negative ZJI Dec-Mar months, of the total field (b) and its anomaly with respect to the climatological seasonal cycle (c). d) As in c) but for 850 − 600 hP a mean < v T > anomaly e) As in c) but for 300 hP a eddy < u v > anomaly. f) as in c) but for the meridional eddy momentum flux convergence (cosine squared weighted meridional gradient of < u v >). The Shading represents regions for which the composites are significant at the 99% value. Contour intervals: a)-b) 25m 2 /sec 2 in , values of 75m 2 /sec 2 and less are dashed. c) 15m 2 /sec 2 , d) 2Km/sec with ±1K contour added, e) 5m 2 /sec 2 , f) 2 × 10 −5 K/sec. In c)-f) negative values are dashed. All fields calculated using NCEP reanalysis from 1948-2012. 
